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FOREWORD 

Static structural  tests were conducted on the 
Apollo launch escape tower by North American 
Aviation, Inc. Tests  were conducted at  Space 
and Information Systems Division, Engineering 
Development Laboratory, Downey, California, 
during the period of 29 July 1963 to 1 3  Septem- 
ber 1963. 
accordance with Apollo Test  Requirement (ATR) 
500 and the Apollo General Test  Plan, SID 62-109. 

Testing was performed in general 

The statement of test  requirement was generated 
by Apollo Structures and Materials. 
Development Laboratory was responsible for design 
and fabrication of tes t  fixtures , instrumentation, 
and data acquisition and reduction. 

Engineering 
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SUMMARY 

The objectives of the tes ts  were (1) to verify the structural  integrity of 
the launch escape tower for cri t ical  flight loading conditions, (2) to determine 
ultimate strength and failure characteristics of the tower, and (3 )  to deter- 
mine deflection characteristics of the tower. 

Structural integrity of the tower was verified by application of static 
loads simulating the cri t ical  loading environments of pad abort  tumbling and 
maximum "q" abort tumbling. Deflection characterist ics of the tower were 
determined for unit shear loading and for unit bending moment. 

Analysis of test  data verified structural  integrity of the launch escape 
tower. 

It was concluded from analysis of deflection data that tower analysis 
should be altered to include interaction between the tower, skirt,  and com- 
mand module (tower end support stiffness characteristics). 

- v -  
SID 64-1420 





N O R T H  A M E R I C A N  AVIATION,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

CONTENTS 

Section Page 

INTRODUCTION . . . . . . . 1 

I 

11 

1 1 1  

IV 

V 

DESCRIPTION OF TEST ARTICLE , . . . . 3 

TEST SETUP . . . * . . 0 

TEST CONDITIONS . e . . 8 

Deflection Tests  
Strength Verification Tests  . 

5 

1 3  
1 3  
13  

PROCEDURE . . . . . . 0 15 

RESULTS 
Phase A - Deflection Tests . 
Phase B - Strength Verification . . . 

17 
17 
17 

APPENDIXES 
A. INSTRUMENTATION LIST AND LOCATIONS A-1 
B. PHASE A-DEFLECTION PLOTS B-1 

Part 1 - Unit Bending Moment 0 e . B-1 
Part 2 - Unit Shear Load , . . B-13 

C. PHASE B-STRESS DATA . c-1 

- vii - 
SID 64-1420 





N O R T H  A M E R I C A N  AVIATION, INC.  SPACE and INFORMATION SYSTEMS DIVISION 

ILLUSTRATIONS 

Figure 

Test Setup - Loading Fixture to Skirt Attachment 
Test Setup - Bending Deflection 
Test Setup - Shear Deflections 
Test Setup - Test Condition I, Pad Abort . 
Test Setup - Test Condition 11, Max q Abort Tumbling 
Test Setup - Test Condition 111, Max q Abort Tumbling 
Loading C onf igur atio n - De f 1 e c ti on Te s t s 
Loading Configuration-Strength Verification Tests . 
Skirt Assembly After Failure . 

. 
, 

Page 

6 
7 
8 
9 

. 10 

. 11 

. 14 

. 14 
19 

- ix - 
SID 64-1420 



N O R T H  A M E R I C A N  AVIATION, INC.  SPACE and INFORMATION SYSTEMS DIVISION 

INTRODUCTION 

This report  documents the launch escape tower static structural  tes t  
activity conducted in  the S&ID Engineering Development Laboratories, 
Downey, California. 
a r e  included in the report. 

Test  data and conclusions based on analysis of the data 

The launch escape tower structurally connects the launch escape system 
rocket motors to the command module and will transmit thrust, aerodynamic, 
and inertia loads during abort. 

Crit ical  loading for the tower will occur during tumbling abort from 
the launch pad and also during tumbling abort at maximum "q". 
load combinations exist for maximum I'q" tumbling abort. 
verified structural integrity of the tower for each of the three cri t ical  con- 
ditions and also determined deflection characterist ics under unit loading. 

Two crit ical  
The subject tes ts  

Static loads were incrementally applied to the tower at  various loca- 
tions to simulate each of the three cri t ical  flight loading environments. 
Room temperature tes t  load magnitudes were increased to compensate for  
elevated flight temperature. 

Analysis of the tes t  data indicated that the tes t  art icle successfully 
withstood design limit loads without yielding and design ultimate loads 
without failure. 

- 1 -  
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1. DESCRIPTION OF TEST ARTICLE 

The tes t  ar t ic le  was a complete launch escape tower structural  
assembly (I31 5-300002) consisting of a skirt-tower combination 135 inches 
in  len'gth(over-all). The assembly followed the prototype design with the 
exception that it did not include insulation or  protective coating of any kind. 

The skirt  is a semi-monocoque structure in the form of a truncated 
cone. 
four titanium longerons tapering up from the four tower attach points. 
structure was assembled according to Drawing V15-300202-61. 

The skin is 0.140-inch 6AL-4V titanium sheet, which is attached to 
This 

The escape tower i s  a 6AL-4V titanium welded t russ  structure. It has 
four main longitudinal members of 0. 125-inch (thick) tubing, 3 .5  inches in 
diameter. Connecting members a r e  of 0.050-inch tubing, 2 .5  inches in diam- 
e te r ,  
members by four 5B502-26 H16 bolts. The V15-300108-3 separation 
housings a r e  welded to the lower ends of the longitudinal members.  
tower t ru s s  structure is 118 inches long and approximately 36 by 36 inches 
wide at the top and 47 by 51 inches at the base. 
manufactured according to Drawing V15-300100-41. 

The skirt is attached to the tower at the upper ends of the longitudinal 

The 

The tower structure was 

i 
- 3 -  
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I I .  TEST SETUP 

The tower was mounted horizontally and attached to a steel test  fixture 
by four MS 20018-64 bolts at the separation housings. 
bolts were torqued to 580-1120 foot-pound. 
inserted into a matching recess  in such a manner that shear loads were t rans-  
ferred to the test  fixture through the housing lip, similar to the launch escape 
tower -command module attachment configuration. A steel loading fixture was 
attached to the skir t  through which loads were applied to the tower structure 
a s  shown in  Figure 1. 
rocket engine attach bolt ring. The weights of the loading apparatus and tes t  
specimen were counterbalanced to negate weight effects induced into the test  
specimen. 
structural deflections at the 20 locations shown in  Figure A-1, Appendix. 
The instrumentation requirements also included 148 room temperature 
axial s t ra in  gages and two shear rosettes (installed at  the locations shown 
in Figures A-2 through A-4, Appendix). 

These high-strength 
The separation housing lip was  

The fixture was attached to the skirt  through the 

Calibrated strain gage bending beams were used to measure 

The tes t  setups for Phase A, bending and shear deflection tests,  a r e  
shown in  Figures 2 and 3. 
the deflection tests. 

Strain and deflection gages were recorded during 

The tes t  setups for tes t  conditions I and 11, of the strength verification 
tes ts  (Phase B), a r e  shown in Figures 4 and 5 respectively. 
condition III,it was necessary to apply additional shear loads to the tower at 
stations X L  = 34 and XL = 59, as shown in Figure 6. 

For tes t  

During Phase B testing, a 10-channel Edison load maintainer was used to 
Strain data were recorded on two control the load in each hydraulic cylinder, 

100-channel Consolidated Systems Corporation digital s t ra in  recorders.  

The pyrotechnic bolts connecting the launch escape tower to the com- 
mand module a r e  insulated from the high temperatures of the tower structure. 
Since the bolts a r e  designed for room temperature allowables, they were 
incapable of withstanding the increased loads for tower structure tests. 
this reason, the spacecraft bolts could not be used. 

For 
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Figure 1, Test  Setup - Loading Fixture to Skirt Attachment 
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Figure 3. Test Setup - Shear Deflections 
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111.  TEST CONDITIONS 

The test activity w a s  performed in two phases. All t es t s  were per-  
formed at room temperature. 

DEFLECTION TESTS 

The deflection tes ts  were performed in  two parts. The first consisted 
of incremental application of pure bending moment about the YY axis. 
moment was applied a s  a couple up to 2,000,000 inch-pounds (Figure 7). 

The 

The second part  of the deflection tes ts  consisted of incremental 
application of shear force in  the -Z direction. 
20,000 pounds (Figure 7). 

Force was applied up to 

STRENGTH VERIFICATION TESTS 

Test load magnitudes for the strength verification tes t s  were increased 
by factors derived from ratioing the allowable tLnsile strengths at 600 F 
(design temperature) and room temperature (Figure 8). 

120,000 psi (R. T. ) 

79,000 psi (600 F) 
For  limit load: = 1 . 5 2  

130,000 psi (R. T. ) 
97,000 psi (600 F) 

For ultimate load: = 1 . 3 4  

- 13 - 
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XL = 0 

+X 

UNIT BENDING MOMENT 
M = 2,000,000 IN.-LBS F = 20,000 LBS 

Figure 7. Loading Configuration-Deflection Tests 

XL = 59.75 XL = 34.12 XL = 0 

+X 

CONDITION I 
t 

F2 

CONDITION I 

TUMBLING 
PAD ABORT 

3,400,000 

247,000 

13,800 

- 

- 

t 
F3 

CONDITION I I  

TUMBLl N G  
MAX Iiq ABORT 

735, OOO 

354,000 

20,OOO 

F4 

CONDITION 111 ** 
TUMBLING 
MAX "q" ABORT 

2,915,000 

212,000 

24,600 

11,600 

7,220 

REF. IOL-ALC-62-79 (CASES ID247 AND 1041) 28 SEPTEMBER 1962 
FROM R.F. STEVENSON TO: THOSE LISTED 
SUBJECT: LOADS ON THE LAUNCH ESCAPE 'CONFIGURATION DURING PAD, MAX "q" 

AND VACUUM ABORTS 

ARM-6 (CASE 4MqT - 119B) 
1 
Figure 8 Loading Configuration-Strength Verification Tests 
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IV, PROCEDURE 

Testing was performed at room temperature i n  the following sequence: 

Phase A - Deflection tes t s  

1. Unit bending moment 
2. Unit shear 

Phase B - Strength verification tests 

1. 
2. 
3. 
4. 
5. 

Condition 11, tumbling max "q" abort (limit) 
Condition I, tumbling pad abort (limit) 
Condition I, tumbling pad abort (ultimate) 
Condition 11, tumbling max "q" abort (ultimate) 
Condition III, tumbling max "q" abort (limit, ultimate, and 
destruction) 

The test  ar t ic le  was installed in the basic tes t  setup and instrumented 
a s  described under Section I1 Test Setup. 

The specified unit bending moment was applied in ten equal increments. 
Deflection measurements were recorded at each stabilized load increment. 

The unit shear tes t  was similarly performed to  complete the Phase A 
deflection tes ts  

For Phase B, test  conditions I and I1 (both limit and ultimate runs), 
the loading environments were increased to specified magnitudes in  
increments of 10 percent. 

Test condition 111 loads were applied in 10-percent increments of 
ultimate to 140-percent ultimate. 
assembly a t  140 percent. ) 

(Structural failure occurred in the skirt 

- 15 - 
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V. RESULTS 

PHASE A - DEFLECTION TESTS 

A comparison of the test  data with the predicted deflection 
characteristics of the tower structure shows that the test  specimen was 
somewhat stiffer than anticipated. 
fact that the analytical model used in the predictions was a two-dimensional 
t russ  with pinned joints at the skir t  and command module interfaces. 
Therefore, the mounting of the tes t  specimen to the structural skir t  at the 
top and to a heavy jig at the base produced considerable end fixity of the 
tower legs and resulted in correspondingly low deflections. 

This difference i s  largely due to the 

An incongruity was evident in the tower rotations measured during 
part  2 (shear loading) of Phase A. The data indicate that the structure was 
considerably less  s t i f f  in this mode than predicted. It can be demonstrated 
analytically for any elastic structure that the lateral  deflection under a unit 
moment must be equal to the rotation for a unit shear load. 
rotations measured in par t  2 a r e  in significant variance with this principle 
and with the predictions. 

The tower 

Deflection data plots a r e  enclosed as Appendix B of this report. 

PHASE B - STRENGTH VERIFICATION 

The structure was subjected to three separate loading conditions during 
These conditions a r e  representative of the critical design loads the test. 

which were current at the time of the test. 

Actual design loads were produced at a cri t ical  station, on the 
structure, for each of the three test  conditions. Conditions I and I1 repre-  
sent critical design loading at the top of the tower (X . 118. 3 )  and condition 
I11 produces critical loading at the base (X.0). 

Al l  test  objectives of Phase B were satisfied. Strain data recorded 
during the test  show that all measured strains increased in proportion to 
the load up to 100 percent of limit. 
point of the material, and all s t r e s s  versus load plots were linear below limit 
loads; this indicated no load redistribution. 
90,790psi. 
removed. 

Stress  readings did not exceed the yield 

Maximum recorded s t ress  was 
There were no significant residual s t resses  after the loads were 

No structural  failure occurred up to 100 percent of ultimate load. 

- 17 - 
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Loading condition I11 was continued after reaching ultimate load in order 
to satisfy the test  objective, which called for determining the maximum load 
capability and mode of failure of the structure. 
10-percent increments until at 140 percent of ultimate load, a failure occurred 
in the structural skirt  (Figure 9). The rivets which attach the skin to the skirt 
longeron failed in shear. This propagated failures in the attachments of the 
skin to the lower ring and the longeron to the upper ring. After this failure 
the structure was incapable of carrying further loads, and the test  was stopped. 

The loads were increased by 

The complete reduced s t r e s s  data for the ultimate conditions a r e  
enclosed a s  Appendix C of this report. 
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STRAIN GAGE CONVERSION TABLE 

Location 
Gage No. Description In Figure 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 

Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Skirt 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 
Leg 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
17 
18 
19 
20 
21  
22 
23 
23 
23 
23 
24  
24 
24 
24  
25 
25 
25 
25 
26 
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Gage No. 

36 
37 
38 
39 
40 
41  
42 
43 
44 
4 5  
46 ’ 

47 
48 
49 
50 
51 
52 
53 
54 
55  
56 
57 
58 
59 
60 
6 1  
62 
6 3  
64 
65  
66 
67 
68 
69 
70 
71 
72 
73  
74  
75 
76 
77 

Location 
In Figure 

26 
26 
26 
27 
27 
27 
27 
28 
28 
28 
28 
29 
29 
29 
29 
30 
30 
30 
30 
31 
31  
31  
31 
32 
32 
32 
32 
33 
33 
33 
33 
34 
34  
34  
34 
35 
35 
35 
35  
36 
36 
36 

SID 64-1420 



N O R T H  A M E R I C A N  AVIATION,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Gage No. 

78 
79 
80 
81 
82 
83 
84  
85 
86 
87 
88 
89 
90 
91 
92 
93 
94  
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

Description 

Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
Ring 
St'rut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 
Strut 

Strut 

Strut 

Strut 

Strut 
Strut 
Strut 
Strut 
Strut 
Strut 

Leg 

Leg 

Leg 

Leg 

A-3 

Location 
In Figure 

36 
37 
37 
37 
37 
38 
38 
38 
38 
39 
39 
39 
39 
40 
40 
40 
40 
41 
42 
43 
44  
45 
46 
47 
48  
49 
50 
51 
52 
53 
54  
55  
56 
57 
58 
59 
60 
61 
61 
61 
62 
62 
62 
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Gage No. 

12 1 
122 
123 
124 
12 5 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 

De s c r  ip tion 
Location 
In Figure 

63  
63 
63 
64 
64 
64 
6 5  
66 
67 
68 
69 
70 
7 1  
72 
73  
74  
75 
76 
77 
77 
77 
77 
78 
78 
78 
78 
7 9  
79  
79 
79 
8 0  
80 
8 0  
80 

. .I 
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+X 

3 XL = 

XL = 

ARROW INDICATES DIRECTION OF POSITIVE DEFLECTION 

Figure A- 1. Deflection Indicator Location 
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Figure A-2. Tower Truss Strain Gage Location 
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+Z 

1. 

+Y 

+x 
1. 

VIEW A-A 

Figure A-3. Tower Ring Strain Gage Locations 
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b 
A 

SECTION B-B 

NOTE: 
GAGES 21 AND 22 MEASURE 
STRAIN PERPENDICULAR TO 
PLANE OF PAPER 

22 ~ 

SECTION A-A 

Figure A-4. Skirt Strain Cage Locations 
I 
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STATION (INCHES) 
34.12 -33&5--5“<$1;44-y 118.3 135.3 0.0 

I I I I I 

0.4 

0.: 

Z 
O 

i2x 

- 0.: 
E g  

z y  
3= 0. 
r 

- 071 

-0. 

0 UPPER STATIONS 

0 LOWER STATIONS 

I 

I I 
i -1 UPPER STATIO& DEFLECTIONS - % I 

---; LOWER STATldN DEFLECTlONS 

NOTE: THIS DATA HAS B 
I 

I 

I 1 I I 
118.3 135.3 0 34.12 59.75 

STATION (INCHES) 

Figure B-1. Deflections Resulting From Bending Moment 
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0 

A 

0.006 

0.005 

h 
v) 
Z 0.004 
9 
v 9 

2 0.002 

Z 2 0.003 
I- s 
2 

0.001 

0 .o 

STATION (INCHES) 

34.12 53 * 75 118.3 135.3 
I I I I 

0 UPPER STATIONS / 
[7 LOWER STATIONS 

NOTE: THIS DATA HAS BEEN CORRECTED 
FOR FIXTURE DEFLECTION. 

NOTE: THIS DATA HAS BEEN CORRECTED 
FOR FIXTURE DEFLECTION. 

1 34.12 53.75 118.3 135.3 
STATION' I NC HES) 

Figure B- 2 ,  Rotations Resulting From Bending Moment 
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APPENDIX C 

PHASE B - STRESS DATA 

(Ultimate Conditions Only) 



ATR 500 - ESCAPE TOWER STATIC TEST 

CONDLTION I - PAD ABORT (ULTIMATE) 

( A l l  s t r e s s  values a r e  in ksi  
Load values a r e  in percent 
of ultimate design loads. ) 
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